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e U gr <quein UUOODOgr 0 gamin OO OO
e U0 gr > qgomax D00 0gr 0 gomax D 0O OO

00000 Sunetal (1996)0 0000000000

gbobgobubobobbooboobuodgbooobooob 2.0b00b0o
gbogobobbobboboobuoobooobooboobooboobo

OO0 DCPAMODOOODO 2000000001 00000000000000O
00000000 (0)ooO0O (Do)ODo0oooO0oU0oooDoOooooogo
gobbogoobboooobbboooobbooobooobbbooon
gbbogobbuoodgbbooobboobbbooobbooobbooon
gogobobobbobobodoooooooobboobbbooboobbboooooo
gobooog

5.5.2 Arcsined 00000

O0000000000000000000000Aresine0000000 (Kashimura
et al0 2013)0n+1000000000000000000DO ¢, 00000000

ogooood
1 2qy,
Qn——arcsin( 4 —1>; —
2 aqmax

n

< Qn < (5.48)

SN
SN
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O 5.4: Aresine 00O (5.4) 0000 ¢OODOO QO

OD000O¢g™0 ¢, 00000000000 0DOO000000Q, 0000000
oooooooobooo Q.uoobobooobboooood ¢gumooooo

max

quza% [Sin(2Q41) + 1] (5.49)

000000000¢0000000000000000000Qu0 (5.48) 0
000000000000000 (549)00000< guy <ag™ 000000
00 (0 5.4)0

gobobbooogogobobobs400ubbbbooooobn g=00ag™™ 0
0000000000000 (00002003). ¢™000000 a=1.05000
OO000000DO0ODOODCPAMOO a=1.000000000¢q=000000
gobbobbbouooooobbbbboooooobobbobooooood
goooodao

OO0 Aresine0 00 Sunetal OOODOOD0O0O0O0OODOOOOODOOODOOOO
gbbbooogbbbuoooobbbooaon
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5.6 UUOOOOOOOOOO

gogbobboobobboouoooobboobobbbooooooobobboboboooog
gooboooood

dynamics_hspl_vas83_nml

ooo goooogn 0O

FlagSLTT false. gdooooooouoodgo
sltt_nml

FlagSLTTArcsine true. Arcsine0 0000000 OOO
SLTTIntHor “HQ” ooooo
SLTTIntVer “HQ” ooooo

*HQ: OO O0DO0ODOO0ODbO0OHC.ODOOOOoOooOooOo

Ooon

e Enomoto, T.: Bicubic interpolation with spectral derivatives, SOLA, 4,
pp. 58, 2008.

e Kashimura, H., T. Enomoto, Y. O. Takahashi: Non-negative filter using

arcsine transformation for tracer advection with semi-Lagrangian scheme,

NCTAM, 62, 2013.

e Sun, W.-Y., K.-S. Yeh, and R.-Y. Sun: A simple semi-Lagrangian scheme
for advection equations, QJRMS, 122, pp. 1211-1226, 1996.

e Williamson, D. L., and Rasch, P. J.: Two-dimensional semi-Lagrangian
transport with shape-preserving interpolation, Mon. Wea. Rev., 117, pp. 102—
129, 1989

e 00O, 0000,0000:ClIPO—O00D000DOOODOODOODOOD
gbooboo,obobd, 2003.
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el ULOLOUOUOUOOOOOOODO

6.1 QOO0

gbooboodobobog,bboooobbbuooooboboo,bbbood
gbbobuooobbod. ggbb,ooobbobuoooob.

6.2 0O0OOO

6.2.1 0OUOOOOOOOOO

:gbbobbodugogbbobbodooooboboo. ooogo,bbouood
gooogoo.

00000000000, 00000000000000. 1<k<kpe—110
oQd,

Thyr = 1T+ By 1T (6.1)

logo,, 1 —log ok
1 = 2 6.2
Y3 log 0}, — log 041 (6.2)
8 B log o), — log Opyl (6.3)

M3 T logoy, — log op '
00,k=0000,
T, = T (6.4)
Tkmam""% = Tkmam

Oo00.1<k<kn,—1 0000000, 000000000O00DO0ODODODODO.
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6.2.2 0O0OO0O0OOOOOOODODOOO

gbgoboboobo,boobgobobobboboo.

R
7 = zs+ET1 (1—o09)

R Okp—1 — Ok

2L = Zk—l‘l‘_Tk_l—
g = Op-1

2

go,b0bogoobobboog, bbb booonon.

—= ZS

=

R, Op—1 = Opyl
Gt = Hoy+ T2
? 9 Ok
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vt O

7.1 0OO00On0

goboboboooooobobobo. obobobo,goooboboobb,o00od
gboogbbogbo,bogobugboobobuoobobooboa. bbod,
OO0oooooonD AGCMs, ODObOOobOobOobobobobobo,onogoo
gbbobuooobboooobbooboooooboo.

72 OJUO0O: 0obogd

721 0O0O0O

gbbbuoooobbboooobboboogan.

1 OF
- - 7 1
Q= -55 (7.1)
g OF
= 12 2
& (7.2)
F = F,+F;s (7.3)

oo, F, Fsoobobooooboboboobobobooboobogoobo. oo
gbobO,d0dbobobooggbboboooobbboooobn.
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722 OU0UUOOUOOOOOoOoOoOoOoOoOoO

gbogbobobobobobgobooooobobobobobobo,ubon
gboobobbobooboobuoobooboboon.

F(r) = F™(r)—-F (1) (7.4)
F(r)* = 7B,T(1s,7) — / SWB(T')—dTC(Z:/T)dT’ (7.5)
F(r)~ = / WB(T')de’ (7.6)

0 dr’
Oo00,B00000O0O0,000000O0O0O00O0O,7O0O00000ODO. BO,
kmaa
TB(r) = & / B(T(7)) dk (7.7)
Emin
kmaw
nBy = 7T/ B (T) dk (7.8)
Emin

O00. 000,k000000' 0000000000 0000,000000
gobbodd espg OO0,

tB(t) = osgT*(7) (7.9)
B, = ospT} (7.10)

goo.

00,00000000000000000000,000000000 F.z00
0,7B,=F,000000.

000 7(r7)0,0000000000000000,000000000.
T(r,7) = T(r(p), 7))
= exp[—a{|r(p) — o.(p')] (7.11)

a00000D0OD. O0DO0OD0O0O0OOD0OOOOOOOODOO,000 Schneider
and Liu (2009) 00, 0000000000,

7(p) = Tro (pﬁo)? (7.12)

OdO,py, o 00000000000 OOOOODOOOOOOOO.
lpooooooooon.
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00, Numaguti et al. (1992) 00000000, (k000000OO0OOOOOO
O0000000)00oooooooo.

TL(p) = kL,wv/ pQwvdZ/+kL,da/ de/ (713)
z(p) z(p)
1 P
= kL,wv_/ Qwvdp/‘i‘k'L,daB (7.14)
g Jo g

000, kpwe, kree D00000000000000000000, ¢, 0000
0o.

go,0gdgobbobdoooobob,ogobobooooboog.

723 UUU0U0O0UOOoOoOoooOooooboboboon

0000,00000000000000000000 (eg., Liou, 2002; Toon et
al., 1989) 0000000. 00,00000000000, Toon et al. (1989) O
oo.

obooboobooobo,obbooboob,bgdb,booboobboon
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00000000000, FE, 00000000000000.
Fig(r) = F*(7) + Fy,(7) (7.15)
Fr (1) = kiexp(A\1) + Thyexp(=A71) + CT (1) (7.16)
F~ (1) = Tkiexp(A1) + kyexp(=A71) + C (1) (7.17)
dzr n(T) =0 (718)
dzr n(T) = /jJOﬂ-FS exXp (_l> (719)
Ho
wom Fy exp (—j) {%%“0 + 7472}
+ _
Cr(r) = N L
Ho
1
+ 2 By+ B + 7.20
() o
1+
wom F exp (—j) {7 st 7273}
Ci(T) = )\2 . LQ
Ho
+ 2 {B +B< ! )} (7.21)
T — :
H1q Do 1 T+ 72
1/2
— (=¥ (7.22)
2
r = 7.23
Y+ A (7.23)
By = nB(t=0) (7.24)
B — nB(r =1,) —nB(t = 0) (7.25)
Ts
1—
o= =0 (7.26)
Y172

0O0O0,CcY-0000000,0000000000000000000000
goodoooogooood. w1, v, 13,7« 0, 0000000000000

gobbobooooon

, (6-)Eddington O,

(0-)Hemispheric mean 00000 0O

goorl1b00bl. mg OO0, rnF,0000000000O000000
godb,p bobodgbbg. b, ggbugbbogboa,bodgb,d
gbobobooobobobooobn. k000D 0ODO,0D00D00DbObDOD.

goboboogoooboobod.

F*(ry)
F(0)
szc

Asch_ (Ts) + szc

FTOA

Aspeprom Fy exp (—E> + enBsyc
Ho

(7.27)
(7.28)

(7.29)
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7l:000000000000000000

o0 i V2 V3 V4
— 4 11— 4 — 2 —

Eddington ! woi +39) — woi 39) jg'uo 1—s

Hemispheric mean | 2 — wy(1 + g) wo(1l — g) —

00, Hemisphericmean 00, 00000000000 0OO0O0ODOOO,0000
gobobooooobobo s,y oobobooooo.

000, Ay, 7F,, ¢, By, 0,0000000000000,000000000,
00000000,00000000000000. F;,, 0000000000
000000000000,000 Fyy,,=0000.

000,400 (sadjustment) 00000, 7, wy, g 000O0D0.. 0000000
ooooo.

.ggo..

7.3 UUouo: 0o

0000000000000000000000. boooooo. (boooo
oooooog.)

7.3.1 00U

gbobobooooboobooggoo.

;j

Wl= o)

Qr =

T 7.30
- (7.30)

m\»—‘ m\»—‘

gk
C,
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7.3.2 LOUUUUOUoooooooooon

gbgoboboobooboobgoobob.

k
Fly = 7BTiy— > 7By (7;%%7,6,_% - T,ﬁ%,m%) (7.32)
k'=1
kmaz
FL,o= Y wB <77c+%7k’—% - 7;%7,6,%) (7.33)
k'=k+1
000, BO
N
B, = 7Y Bi(Ti ki) w; (7.34)
N
7B, = 7Y Bi(Top i) w (7.35)

bbd,wdoogobogb,dbbogobodboooboob.ogn, g
gobobooood,

By = ospT; (7.36)
B, = ospT! (7.37)

oo0o.

O0,000000000000000000O0CO0OOO0O0O0O0O00.
7;%,14'% = eXP(—Of(|TL,k+$_TL,k'+%|)) (7.38)

O0,00000000,000000000000C0O0O000000O0BG0GCOO

O0000ooooo,0000000000000000000O0O00. 0000

gbboggbogbobodgbboooboobobuoob,obbuoobbogboo
gbbodod,buoodgbbooobbuooobbooobbooobobba. o
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gbbboooboboboooobobo,

OF"
ktd on By
9.~ oI, i (7.39)
OF
ket 1
S =0 7.40
0T, (7.40)
+ 871' /
Ly - (T~ Toent) B2 K
9T 0 . .
OF | 0 s
sas A B, (7.42)
aTki 8Tki€ (7—];+ K 1 77‘”1—%,/#—{-%) k < k/
000.000000,00000000),
) . OF maz OFF
+ nt+l o + \n-— 2 2
(FL )™ = (B 4 g AT+ Z o AT (143)
1 1 8Fk+ kmaz aFk__’_
i s 2
(Fery) = F)" o T, . AL+ kZ_: aT, ATy (7.44)
AT, = T =T (7.45)
AT, = T/ —1pt 1)

gooooobbD. ooa,bobobooobbbbbbobooooooaooooa,
goobooogooobooaag,

(Fr )™ = (FF, )“*1+8F’“+2AT Ot op (7.47)
k+2 N k+2 8T 8T1 ! .
OF,, 1 OF, 1
Foom = (F ) 4 AT 4 2 AT, 4
( k+§) ( k+§) * T, o1y ! (7.48)

ooooooooooo?z

7.3.3 UUUUddooooooouoonobobooboon

gbbogdgbboodbb,oobbuooobbooobbooobbo. od
U,n00000d0bbogbbuodgbbogbboobbogbboobood

0000,000000,0000000,00000000000000000000000
gbooobooaboodaod.
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gobobouoooobboad.

Ff(1) = kinexp(AT) + Dokonexp(=\,7) + CF (1) (7.49)
F (1) = Thkinexp(AT) + kopexp(=A,7) + C, (7) (7.50)
wo T Fs exp (—TC’:(;LT) {71:3’7:‘0 + 74,n72,n}

C:LF(T) = 1
A2 — 2
1
+ 2ips Bon+Bin 7T+ —-—— 7.51
- { " " ( Y T 72,n) } (7:51)
T T l,n+%
=oarlexp (~57) {7 e 72,n73,n}
n N?)
1
© oo Bn—i—Bn(T——)} 752
Ml’ { * b Fyl,n + 72,11 ( )

N
000,70,n000000000000000000, 7, = me n 0

k=n+1
dodoooooooooooo. oo, 00d, .0 k00000000000

ooo0.00,By, 300000000000 O (DOO0O0OOO0O0O0O)DO pi
goboooboogogd.

gobbboooobo,ooobbbooon.

Fr(0) = Fiy(m) (7.53)
F0) = Foia(m) (7.54)
Fir(n) = AspcFy (1) + Ssge (7.55)
Fy(0) = Froa (7.56)

Ssfe = AspepomFs exp <—%) + em Bgs. (7.57)

000,000 Fp,=0000.

Ooboboocdooboooobooooo,obb0ooood, kg k, 0000000
O000000. 000, Toonetal. (1989) 000000 DODODODODOOOOO,O
gobobobogoobobooooboboooobo.

Az = d (7.58)

2013/09/30(000000O0O0O0O) radiation/radiation.tex(radiation/radiation-disc.tex)



depamb 000000000000

73 OOOO0O:0000 59

O00,Add000O0OO0OCOOODOOODOOO.

11 = €11 — Asfc€3,1 (7-59)

ara = —(ez1 — Aspeean) (7.60)

A2 on—1 = €1n€2n+1 — €31Cont1 (7.61)

Aonon = €27€2n41 — €4n€ant1 (7.62)

22041 = €1n+1€4n+1 — €2n1+1€3n+1 (7.63)

Aont12n = €27€370 — €10€4n (7.64)

A2n+12n+1 = €1n€in+l — €3n€3n+1 (765)

A2n+12n+2 = €3n€ant1 — €1 n€2nt1 (7.66)

2N2N-1 = €1N (7.67)

a2N 2N €N (7.68)

@i jti—1,ii+1 = 0 (7.69)

Ty = Y .70)

To = Yoq 1)

Top—1 = Yin 72)

Top = Yau, 73)

Ton—1 = Yin 7.74)

Toy = Yan 75)

di = —C7(m)+ AspCr (11) + Sse (7.76)
don = €21 {=C7(0) + Cy (Tnia)} — eant1{—=Cy (0) + C:+1(Tn+1)(}7-77)
donp1 = e3n{=C; (0) + Crpy (Tar1)} — e1a{=C(0) + Cpy (Tasn)} (7.78)
don = —Cy(0)+ F;(0) (7.79)

000 e1n eam esn s, 100000000,

el,n
€an
€3n

€an

= Tpexp(—=\,7) +1
= Tpexp(—=\,7) — 1
= exp(—A\.7n) + T
= exp(—A\n7n) — 'y

radiation/radiation.tex(radiation/radiation-disc.tex)
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oQ,

1
le,n == é{kl,n eXp()\nTn) + k2,n} (784)

1
ngz§{klynexp()\n7'n)—k2,n} (7.85)
oo, dotoououo, bbb onooooooaoad.

Fi(1) = Yialexp{=Au(7s — 7)} + T exp(=A,7)]

+Yonlexp{—=A\. (1, — 7)} — T exp(=A.7)] + CF(7)  (7.86)
Fo (1) = Yia[Dhexp{=X.(7, — 7)} + exp(=A7)]

+Yo o [Crexp{—=An(7, — 7)} —exp(=A\,7)] + C, (1) (7.87)

gobobo,goobbboooboboboogobobobooogboog.

FHO0) = esnYin +eanYon + Cl(0) (7.88)
F'rj (Tn) = el,n}/l,n - e2,n}/2,n + C;r (Tn) (789)
F(0) = e1nYin+e2nYon+C,(0) (7.90)
Fn_ (Tn) = e3,n}/1,n - e4,n}/2,n + C,; (Tn) (791)
00,0000000,000000000000000000000.
Fion(r) = Fi(r)+ Fy, (1) (7.92)
Flpa(m) = 0 (7.93)
Fi(r) = arFooxp (-2 (7.99)

gobbobooodn

0000, Toon et al. (1989) 0000 OO0O0O0O0O0O0OOO (source function
technique) 00O OOOO.

gbobbooogbbbuooobbbuoooboboboooobbobooaog.

R = [ ur s (7.95)

~ Zwiuili(ﬂ 1) (7.96)

i
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gbod,ugubogobobogbuodgboob,obuogboboboboobg. d
Ub,w, 00booogao. oo, d ey, gbboooobobbuogd
07+ 0,0000000000000.

LF(0,p) = If(r)exp (__n>

+%m{u—@h+m@@(_%)} (7.97)
L) = L0 (-2)

)

() )

ool )

T {u exp (—%) Y, - u} (7.98)

000, G, Hy, Jp, Ky, Q1py Qo 010, 02, 0000000000,

1
Gy = (M2 (5 -2 (7.99)
H
1
H, = (Y1,—Yy,) ()\ + M_) (7.100)
1
1
1
1
mlzﬁm—nw(——g (7.102)
251
1
n = 24Bg,+ B, — 7.103
Qg { 0, 1, (% TIPS Hl)} ( )
Aopn = QBLTL (7 104)
1
n = 2<By,— Bin, — 7.105
o { " " (714-72 m)} ( )
O2n — 2Bl,n (7106)
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gobbobuooooboboobogd.

If(ma) = 2enBige + Aspely (1) (7.107)
Iy(0) = 0 (7.108)
ooo.
0o,
OF, (1) OT* (7, 1:)
G ~ ;wim@—Ts (7.109)
aIrer(Ouu) o aBsfc i Tk
UL a2 o (-2 a0
o1, (0,p)
—or. 0 (7.111)
OFE(T)
- = 112
oT, 0 (7.112)
oDoo3 .

74 0O0000: AGCM5 O0O0OOnO

O000,000000000 AGCMHOUODODOODOOUOODOOODOODOO
O0. 000000, Numaguti (1992) OO 000000000, 00000000
ooooooooot

gogobobobobbo,bbouodgogooo,gobob,bbbobbbodoggd
goboo,gobobobodad.

7.4.1 0000

gbooobuoobooobog,br220 00bog,0o0boobboobon
gbgo.ooboobo,boobgoobgob.

OFE(r)

30L004) ngoQgo,000000. 000000, 00,00000000 25

DDDDDDDDDDD,DDDDDDD.

000000000000 Numaguti (1992) 000000000,00000000000
gobgooboobboobooboo. ooboo,bboobooboob. oboobbo
gboboogboobooda. boobooobgobobooboobooboab.

0,00
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oo, oo oogouda. ggad
O100000,k0000000,0000000000O0000DO0DOO0
a°.

0000, 7B(r) O

mB(1) = osgT*(7) (7.113)
By = ospT} (7.114)

O0000000,00000000000000000.
T(r,7') = T(r(p), 7))

1
= / exp[—a{\TL,wv(p, g) — TL,wv(p/, g)|
0
+70d0(py 9) — TL.aa(P', 9)|Hdg  (7.115)

TL,wy(p,g) = kL,wv/ pQwvdZ/ (7.116)
2(p)
1 [P
= kL,wv_/ Qwvdp/ (7117)
g Jo
Trda(P,9) = Krda / pd?’ (7.118)
2(p)
= pgn (7.119)
g

O00,0spg 00000000000 0O00000, o 00000000. Kz we,
kLo DO0O0O0O00OO0OCOOOOOOOOOCODOOOOOOOODOOOOODOO. g
0000000 (0000ooo)ooo.

7.4.2 0O0O0OU

gboboboodbb,ogubboooobbobuoooob,ooobbboood
gbobobuooogboboboood.

ooboooobooboboboooooooooo.ooboob 100000,k
0000000,000000000000000000000% o0ooO00O
O0,000000 A,000D0O00O0C00DO,ODO00DOO00ODOODOO
gbooboogobboboooboboboogoboobood.
‘0000000000 k00000000000 D0000000O0DODOO. 000, Numaguti

(1992) O O00O0OO0O0OOOOO0OUDOOO0ODOO, 00000000 OOOO.
‘00000000000O000O0.
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gobb,gobobbboduoobboboooobbbod.

Fs(r) = Fg(r)—Fg(7) (7.120)
Fi(r) = (1= A)Fo(x)AsTaig(1,X) (7.121)
Fg(r) = (1= Ad)Fo()Tair(T, ) (7.122)

Tair(T,X) = Tair(T(P), X)
= /0 exp|—sec X{Ts.wu (P, 9) + Ts.4a(P, 9) }dg (7.123)

Tais(T.x) = Tair(7(p), Xx)
_ / expl— 56¢ X {7500 (D, 9) + 75,00 (59 }]

. eXP[_O‘ﬂTS,wv (p87 g) - Ts@v(p, g)|
+[75.d0(Ps> 9) = Ts.aa(p, 9)|}dg  (7.124)

TS,wv(p»Q) = kS,wv /( )pQwvdZ/ (7125)
z\p
1 P
= kS,wv_/ Qwvdpl (7126)
9 Jo
Tsda(P,9) = ksda / ( pd?! (7.127)
z(p)
= ksda- (7.128)
g

O000,xO00000007 (Liou, 2002 0000 solar zenith angle ) 000, a O
0000000, ks ksee J0000000000000000000000
O000000000.00,A,000000000000. F(x) 0,000 xO
gdodooououououououoouoog.

‘000000000000000000000000. 00 (1982) OO 6, Liou (2002) O O
6o, Peixot and Oort (1992) 00 Z, Hartmann (1994) 00 ¢, 0000000,

2013/09/30(000000000) radiation/radiation.tex(radiation/radiation-agem5-disc.tex)



depam5 0000000000 OM@MS DOOO0O: AGCM5 OOOOO 65
7.5 0O00O00O0: AGCMS5 OOO0OO
7.5.1 0000
000000 »B(r) D0 0O0O0DOO0OODOOOOOOOO.
By = ospTy (7.129)
B, = ospT} (7.130)
lmaz,S
77€+%,k’+% = Z Ag[/,l exp(_&(‘TL,wv,k+%,l o TL,wv,k’+%,l‘
=1
T daks 11— Thdag+1.1) (7.131)
Trawvk—11 = FLawoiMy, ;1 (7.132)
TrLdak—11 = kL,da,lMda k—1 (7.133)
k
max pk/77 _ pk-/+l
Mypp-1 = Guro b — 2 7.134
=2 ; (7.134)
Pr_1
Myg -1 = - (7.135)
b 2 g
lmaacS
77c+§,k'+§ = Z Agr, eXp(—Oé(kL,wu,l!Mmer% _va,k'+§’
I=1
+kL7daJ|Mda,k+% - Mda,k’—i—%D) (7.136)
k
max pk/fl pk/+%
va kfé - I;c%uv K’ g (7137)
D1
Mygp-1 = p (7.138)

O000,lw.0,00000000,00000000000000000 (BO

00)000,Ag,, 00000000 !000000000OO.
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7.5.2 0O0O0OUO

gbgoboboobooboobgoobob.

Fuy = Fly—Fp, (7.139)
Fy o= (0= A B0 A Tagar; (0 (7.140)
Fps = (1= A)F00) Tair 1 ()
lmaz,S
Tarrr 1 (X) = Z exp[—sec X{Tguwu ks 11 T Tsdakr 213 Agsy  (7.141)
=1
lmaz,S
72!1ka+%<><) = Z eXp[_ SeCX{TS,wv,%,l +TS,da,%,l}]
=1

'exp[_a{TS,wv,%,l ~ TSwuk+1
+T5dat) ~ Tsdakt 1} Agss (7.142)
TS,wv,k—%,l = kS,wv,leuk_% (7143)
TSdak-11 = KSdaiMap1 (7.144)
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7.6.1 00U

Ooo00d,depam UOOO0O0OOO0OO0OO0O0OOOOOOOOOO. ODOOO,
gobobobooooooboobboog. bbodg,gooboboobb,o00ad
0000000000000 0o00, 0000000000 DoOO0D (Dooo
0). 000,00,000000000000000000O0O0OODODOOOOO
goo.

762 0O0O0O0O: 00O

000000000, Chouetal (2001) D0000000OC0OO0OODOO,O00O0
goboboboooooobobobbooo. bbog,ooobobb,booood
Doooooooo.gboboooooooooooooooooogob, b 7.2.2
g,07320 00oooOoOd.

763 UUUOO: O0OUOgg

000000,00000 O07200000000008.

764 0O0O0O0O: 000000
ad

Chouetal. (2001)00,0000000000,00000000000000O
gbob 30ggobobougonon.

e kOO

8000000, Chouetal (2001) 0000000000000D0000O0O0O0O0OOOOO
goo.
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00000 0000 (em™) OOOO goooodgo

1 0-340 H,O line kOoOnO

2 340-540 H>O line kOOO

3a 540-620 H,O line kOoOnO
HyO continuum 1000000000000
COy kOOO orOdn

3b 620-720 H>O line kOOO
HyO continnum 1000000000000
COq kOOO orO0Oono

3¢ 720-800 H>O line kOoOo
HyO continunum 1000000000000
COy kOOO ordan

4 800-980 H>O line kOOO
HoO continuum 1000000000000
COq looooooooodoo

5) 980-1100 H>O line kOoOnO
HyO continnum 1000000000000
COy l0o0dooooooodgo
O3 oot

6 1100-1215 H5O line kOoOo
HyO continunum 1000000000000
N,O lgodooooooodgo
CH,4 looooooooodoo

7 1215-1380 H5O line kOoOo
HyO continunum 1000000000000
N,O lgodooooooodgo
CH,4 lgodooooooodgo

8 1380-1900 H>O line kOoOnO

9 1900-3000 H>O line kOOO

2013/09/30(000000000)

radiation/radiation.tex(radiation/radiation-EarthV2.tex)



depamb00000000000@.6 0O0O/0000: 0000000 69

o [JUODU

o 10O OUOODLDDODODO

go,dbogbbodgboogobuogbooboboobbooboo. bbod,
oboboboobbo 3booboobuooboobgon.

oo,b0b0bobgobooobobobuoboobobobob,bboobobob,
ooobodo,oobobooobobooobbooobobboobobbooooo
oo.

T=TT (7.145)
000,7., 7c00000,0000 1,2000000000000000.

koo

Chouetal (2001) 00,00000000000CCOCOOO0O0OO kOOOO
obob.00booboobo,ooboobuoobgobg.

Zexp Y Agn (7.146)

w(zy, 22) = /22 q(z)p(z) (p(f)) hT(z),T,)dz= (7.147)
B 1 P1 £ m

2 [ (L) e T (7.148)

WT,T,)=1+a(T -T,) + B(T - T,) (7.149)

ooo,NOOOooOooboooooob, kg ODpDOO0D0O0OO0ODODOO, Ag,
O0.00000000,p0000 (p=1.66)000.

00, Chouet al. (2001) 00, 00000000000,00000000000
oooooo.

o = nlin_1 (7.150)
000,p00000000. 0000000000,000000000000
ooooooo.

0000000000000 DO, Chou et al. (2001) O Table 3,4 00000
uo.
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goboo

Chou and Kouvaris (1991), Chou et al. (2001) 0000000000000, O
0Doooo0o0o0o0o0ooo.

T: 1 —A(peff,w,Teff) (7151)
=1~ Ag(pess. 0, 250){1 + a(pess, w)(Tegy — 250) + B(pesy, w)(Ters — 250)°}
(7.152)
pdw
Deff = m (7.153)
T'dw
Tt = (7.154)
dw = qpdz (7.155)

000, Ay(pess, w,250), a(pess,w), Blpess,w) 00000,0000000000
00000000000000000000000000000000.

1000000o0obo0040d

Chouetal (2001) 000 10000000000D0O0OOCCCOOO,00000
gobobooog.

T =exp (— kC;UC) (7.156)

‘ Y L

w(pe,T)—/z1 qp(p0>exp{1800<T Tr)}dz (7.157)
LGt (7))
= - — Jexp 1800 ( = — = | ¢ d 7.158
g/pgq(po p 7T p ( )

000,p 000000, py=1013 hPa, T, =296 0O 0O.

k,c
— 000, Chouetal (2001) 0 Table9 OO OOOOO.
i
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v UUouoooooboboooobgd

0000 1000000000000000000000 F(y) O

2
a1
Fo(x) = E”QJC“X(wW>O) (7.159)
0 (cosy <0)

ooooobooooo. rpObobbobbobbooboooboobooobg, o
O000oO0ooo®. 00000000000 O0O0ODOOO-00000000.
xuooooooboogoooooooooooodd.

cosy U,
cosy = cos¢cosdgcos H + sin¢sindg (7.160)

O00o00d0. 000,000, 000000ODO (DODODOODOOODODO
O0000D00. Liou, 2002 00 00O declination of the sun. 00000000
O0000C000D)000. HOOO (hourangle)J00, 000000000
0000000000000 00O0O0 (DooooooooooboooooooOo
0)000. (7.160)00000000000O0OOCO00O0ODOODOOO (Liou, 2002
0220000 AppendixCO0). O0O0O0OO0OOO O7100720000
O0.00,depam OO0 00000000, cosx000 secyDOOOOOOOO
O00,000000 secyDOOOOOOODODOOOooooOO.

r¢00000000000000000000((00000000000000§15
oo).

rs = (1—-ecosf) (7.161)

O000,e0000000.£000000 (000000000, eccentric anomaly)
000,0000000000000000O00, 00000000

§—esiné =1 (7.162)

‘0000000000000D00-000000000000000000D000000O00O. O
oooobooooobooboooooooon

1
14 —e2
(1e27)
O00. («e000000,e0000). ex1 000000000 «00ODODOO.
YOpooooOoOO00,0000000 2000000000000 (z,y) 000000 €0
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Figure 2.5 The earth—sun geometry. P denotes the perihclion, A the aphelion, AE the awiummsal
equinox, VE the vemal equinox, WS the winter solstice, and 55 the summer solstice, o is normal o the
ecliptic plane, @ is parallel w the earth’s axis. & is the declination of the sun, € the obligue angle of the
carth’s axis, e the longitude of the perihelion relative to the vemal equinas, v the irue ancmaly of the carth
at a given time, A the true longitude of the earth, O the center of the ellipse, A lor OF = a) the semimajor
axis, OF (= b) the semiminor axis, § the position of the sun, E the position of the earth, and ES {= r) the
distance between the earth and the sun.

071:0000000000000000. 000 Liou (2002) O Figure 2.5. O
Oooooboooooobooooooobbo.oboboésb és0,vOeOOOODO.

Figure 3.6  Relationship of the solar zenish angls 8y to the latitude g, the sobar inclination angle &,
and the hour angle . P and D nre the point of observation std the point directly undar the sun, respctively
(see text for farther explanation).

072.0000000000000000000. 000 Liou (2002) O Figure
26 00000000DOOOOOODOOOOO.0O000 60 x0O,600s00
goo.
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00000000000000. 0001000000 (mean anomaly) 00O,
gboogobogobda,bogobuogbbogbboobooooobobod
oboooooboo.boo ¢, 00000 7,, 0000
T

180

_ 27T(t - to)

[
Torb

+ (P poch — Po) (7.163)

Ooo0. t,, 000 (000,000000000000D00. OCooOoooooo
00000000000000)00000000. ¢, 0000000000
00000 (000 degree, 000000000000 ODOCODOO),$ 00
Oo00bDO0b0d.depam 00O, 0000000000000 Newton OOOOO
(7162) 0 ¢0D0O0ODOOOO.

)s 00O0DOODODOOODO.
sin dg = —sin 6, sin(Py + @) (7.164)

¢, 000000 (DO0OD0O0O0O0000O0O000. Liouw, 2002 0000 oblique
angle of the earth’s axis. 0 0000000000000 O). 00000 (true
anomaly) 000, 00000000,0000000000000000000
Ooo000.e000D0DO0ODODOOOOO

—_
+
@

Ay

P
tan 3 = . tan = (7.165)

[\]

o bobobboo,oobobboobooboobobg. g+ 00000
goobo,gbboboogobobuoogobbobuoooooboobog.

OO0 HOOODOOoOooooo.
HIZWtByDay—ﬂ'—i—/\ (7166)

tBypey 000 00000000000000 (teypey=0000 000, tpypey =
0.500000000). 0000000000000 Hy O

cos Hy = — tan ¢ tan og (7.167)
gooooboboboooo.

x = acos§ —e),

y = ay1-—e2siné,

ugbb,etgbodno,etdnbgobogn.
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goo.

Oobo,00 depam D0000000OO00OOOODO0OODOOOOODOOODOO.

1. 000 (Dooo)obooooooo.

O00000,000 (7.159), (7.160), (7.161), (7.164) 000000000,
gbbodbboobboobboobbuodobbooboobooobo
uo.

depamb U0 O00OOO0O00O0OO0OO0OOOOOOOODOODOOOOODOOOO
gbobobooboo-oobobor3g,gbobooboobobobon
goboobooboobboobooob-0obooobobr4b0b0O. 0O
00000000 (O 74b) O, Liou (2002) O Figure2.8 00000000
gobobooooboobod.

2.0000000O0Db00O0OboboboOO

depamb OO0O0O0O, 0000000000 0OOO0OOO,0D0000000
goboboogd.

Fi(p) = —=S0(Ains + Bins cos” @), (7.168)

cosY =~ A, + By cos® p. (7.169)
00, 00000o0ooobooboooooog sec¢ O

1
= 7.170
PEEX A, + B, cos? ¢ ( )

gbooooboo.

Ains; Bins, Ay, B, 000 073000.000000 AGCM500000
00000000,0000000000000000000000000
0000000.000,(7.159) 00000000000000000000
00000000,000000 (7.168)00000000000000 7.3
0oood A, 000 B,, 000000000000000 (T420000
000 Ay, =0.12756, B, = 0.18340 00 0). A, B, 00000, (7.159)
000000000000 (7.168) 00000000 Ajps, B, 00000
00000000 A, B, 00000000, 0000 sy 000 100
000000000000730 A, 000 B,O0000000000 (T42
00000000 Ay, =0.12756, By, = 0.18340 00 000 A, = 0.41021,
B, =0.58979 0O O).
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outgoing shortwave

(a)

latitude

0
(degree_north) (day)

time

CONTOUR INTERVAL = 5.000E+01

—-600 —-450 -300 —-150 0
outgoing shortwave

latitude

(degree,moorth) 200

time

CONTOUR INTERVAL = 3.000E+01

___IEEEEEE .

—600 —450 -300 —-150 0

(b)

outgoing shortwave

latitude

0
(degree_north) (day)

time

CONTOUR INTERVAL = 5.000E+01

B [ 77 [

—600 —450 -300 —-150 0

0 73:depam 000000000000 00000000000000000
000000000-0000.00010000000000,00000.00
0000000000000 100000000,0000000000000
O.depam5 00 0000000000000 0O0000000O0000O0000O
0000. 000000 T21. Fy = 1380 W/m=2, 6, = 23.5°, &5 = 0.0, € = 0.0,
000000000000 28.000000.100000 3650.
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outgoing shortwave

(a) outgoing shortwave (b)

latitude
latitude

]
(degreeimoorth) 100 200 300 (day) (degreefﬂoorth) 200 400 GO(OdOy]
time time
CONTOUR INTERVAL = 5.000E+01 CONTOUR INTERVAL = 3.000E+01
__DEENEEE N NN N
—600 —450 -300 -150 0 -600 —-450 -—-300 -150 0

074 000000000000000000000000-0000.0001
0000000000, 00000. 000000000000000 1000
00000,00000000000000. depam5 000000000000
00000000000000000000000.000000 T21. ()00
D000000D0000000000000. Fy = 1369 W/m™2, §, = 23.44°,
dy = 102.768413 + 180.0, ¢ = 0.016713, 00D O0DO0DO0 DO 99.403308 +
180.0. 100000 3650. (b) 0000000000000 0O0O00O0O00O0
0. Fy = 588.98 W/m™2, 6, = 25.19°, &, = 258.98, ¢ = 0.0934, 0000000

oboob -10342, 100000 669 O.

Bins

Ains
0.183

AX BX
0.127 0.410 | 0.590

073 0000000000000 Aips, Bins, Ay, By 00
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gbbob,gubobbbdoooobbbuoooobbobuooodobbbod
goboo.goobboggobbogbbbooobobobuooobood
gboboogogboog.

e UUUOUDLODDOUOOODO
Liou (2002) O0O0O0O,000000 F,000000000C00.

Faay(0) = Foo (%)257(:)

X (cos ¢ sin hg cos dg + hosin ¢sindg). (7.171)

oo00,60 S(r)0 10000000000 ODODOOOOOOOOO
oo.

e OUUOOODLDOOOUODLODLDDOO
Liou (2002) DO DO,000000COC0O00O0O0OO

FOOTorbg(¢’ 6)

Fy(¢> = 7T(1 . 62)1/2 ) (7172)
: : 2
Q@@zzﬂ%ff/(%—mmmmmw (7.173)
0
oooooo.

00000, North (1975) 0000000000 O0O0OOO. North (1975)
gb,b0gggbbbooobbbbooodgbboboooobobodao

Sy = —0.482 (7.175)

000,00000000000000000000000. 000 z=siné
000. S, 000, Chylek and Coakley (1975) 000000000000
00000000000000000000 (0000000000000
0000000000000000). 0000, Ay, B, 1000000
00000

Aims = 0.1295, (7.176)
Bins = 0.1808 (7.177)

goo.

3. 0000000000 O0On (perpetual run).

O000000,sinds 0 rs 00000000 (7.159), (7.160)0 000,00
gbooboboogoobbboooobboooooooo.
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4. 0000000000000 O0 (DOOOoooon)

DDDDDljaDDDDDDDD)\subsolarDDD¢subsolarDDDD'¢subsolar:
obooboboo,bo0n

cos Y = €08 ¢ cos(\ — Asubsolar) (7.178)
0o0.00goo,doooooonooogoon
Fy(¢) = Fyocos x (7.179)

gooog.

7.8 UUubuuooobouood

000000000ooooooo0o00oOooO(ooo0oooOo)ooooo
uo.

e JIDUOUODOOODOOODO:depamd DO D OODOOODLDOODODOODODOO
0.2.

gbobooooobbo,0bbbo00obbbodon 0225 000, Kiehl
and Trenberth (1997) DO 0000000000 OOOOO, 000000
0342W/m?000,77W/m>? 00000000000.

OO00000:depamb OO0 O0OO0ODOOOOOOOOODOO 0.0.
O00000000,000000 00167 (00000OO0O).
O00000000,000000 0.0934 (Allison, 1997).

OO0000:depamd OO0 O0O0O0O0O0OOOOOOOOO 0.0.

00000000,000000 102.924°(0000000) " depam OO
gobbDogg 102.768413 + 180.0 00D O .

O0000000,000000 250.98° (Allison, 1997).
e J0DUD: depamb DD O0DODODDO 1380 W/m?. 0000 Ishiwatari et

al. (2002) 000. 0000000 ODOOOOOOOODOOOOOOOOO
DD12

HDuffett-Smith (1988) 000 OO OO
L2opooo0o0o0 BOW/m2000000000.
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00000000,00000 1367 W/m?2 000 (Hartmann, 1994). OO
0000000000000000 LyO00038x10*W (ODOO0O), O
0000000007000 10000 (1.496 x 104 m; 0000, 1995)
ooooo,0o0og

Ly 3.85 x 102¢

= = 1368.8W /m? 7.180
An7% 4% 3.142 x (1496 x 1011)? /m (7.180)

oooooo.
D0000000,00000 588.98 W/m? (Kieffer et al., 1992)

79 Qoo

Allison, M., 1997: Accurate analytic representations of solar time and seasons on
Mars with applications to the Pathfinder/Surveyor missions. Geophys. Res.
Lett., 23, 1967-1970.

Chylek, P., Coakley, J. A. 1975: Analytical analysis of a Budyko-type climate
model. J. Atmos. Sci., 32, 675-679

Hartmann, D. L., 1994: Global physical climatology. Academic Press, pp411.

Kieffer, H. H., Jakosky, B. M., Snyder, C. W., 1992: The planet Mars: from
antiquity to the present. Mars edited by Kieffer, H; H., Jakosky, B. M.,
Snyder, C. W., Matthews, M. S., The University of Arizona Press, 1-33.

Kiehl, J. T., Trenberth, K. E., 1997: Earth’s annual global mean energy bugdet.
Bull. Am. Meteorol. Soc., 78, 197-208.

Liou, K. N., 2002: An introduction to atmospheric radiation 2nd edition. Aca-
demic Press, ppb83.

North, G. R., 1975: Theory of energy-balance climate models. J. Atmos. Sci.,
32, 2033-2043.

Toon, O. B., C. P. McKay, and T. P. Ackerman, 1989: Rapid calculation of ra-
diative heating rates and photodissociation rates in inhomogeneous multiple
scattering atmospheres, J. Geophys. Res., 94, 16287-16301.

ooooooooo,0oooooboboboooo,0o0 o,00 oo, 1974: O0O.
oood, pp2l4.
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ugg oo,dgb a,gb od, 1996 0bbuouudgbobobuogodgn, pp259.

Numaguti, A., 1982: 00000000000 ODOCOOOOOODOODOOO,ODO
goooog.

ggooobg,2010: 000D, 000000,
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gobboobbooooooobbobbbooooooobobooboboooooog
gbog,bgobuogbbodobooobuoobbodoboobbuoobbod
googbooobogboo. gboobboobogboonoboobouonbod
gooboo.

000 depamb 00000000 (Manabe et al., 1965) O Relaxed Arakawa-
Schubert 0000 (Moorthi and Suarez, 1992) OO00O0O0O0O0O. 00,0000
000000000000000000. DooooooooO (bobooo)oo
0. 000000000C0000000((@oocoo0)ooooooao.

82 [HOOOOO

8.2.1 UUOD

O000,000000 (e.g., Manabeetal., 1965) 000000000000, O
g,ggobbbobbodud,ggooodgobobboobboo,boduooaad
gboobooooboboda,obbboodgoboboooobbbooooobon.

godgdodgdg,bobobb 20000000,bbbbbbbbbbboboood
go.

1. 0000000000000000000000000 (0oOoOooDoooo
000000000000 000 (DODDoODOOoOOODOOOOoOoOoOOoOon)),
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2. 000000oooz.

gobbh,ggobbboooobobbooooooboan.

CoTi+ Lg' (k) + g5 — (CpTis + La* (Thn) + gz«kﬂ) > C,ATL, (8.1)
k
q:*(Tk,pk)
AQk+1 >
O (Thy1,Pr11)
oooO,boobbobobobob.00,cAT. 000000oooooooooon
goododoo,r-ogdotdotdotuootootooooon.

> T (8.2)

Te (8.3)

gboobooboob,

{ &+ Lawy Amy + { Gt + Liwor | Amy

= {CpTy. + Lar} Amy + {CpTrr1 + Lapia } Amp (8.4)
Amy, = % (8.5)

Apr = Pr1 =Pyl (8.6)

CpTy + Lap + g2k = CpTiy1 + Lrs1 + g2k (8.7)

a = q (Tk,pr) (8.8)

Gor1 = ¢ (Thg1, Pit1)
god.

O00,@®70O00000000O0O00OOOOOOO,

RT,..
2 (g — prar) = 0 (8.10)

Cp(T = Tir) + L(q"(Th) = ¢ (Thrn)) —

k+3
l0o0D0,0000000000.000,00000000000000000000000
oboooooo,b0boboocooobooboboboocoooboob,0cob00ob0obooobooooo

goooo.
D000,00000000000000 1000.000,00000000000000
gooooooboooogoboo,bobobooooooo 1gbooogo,boboboboooboo

googoooano.
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DDD.DDDDD,...DDDDDDDDDDDDDDDDDD.DD,TH%D

Ty + T

Ty =~ (8.11)
goooooooon.
000, q g 00000000,
* * (] oq”
@ = ¢ (Ti,pr) = ¢ (T, pr) + 8qT AT, (8.12)
T=T)
* * (] 9q”
@1 = ¢ (Tiv1, Pe1) = ¢ (D1, Do) + 8(; ) ATy (8.13)
T=Tk41
AT, = T,—Tp (8.14)
ATi1 = Ti1 — T (8.15)

gboboobooooboboooo,boogooboo.

_ L
ATy = {Apx (14 )} ' {FAQ — Apgy1 (1 4+ Yr41) ATk+1} (8.16)
p
1
ATj = [Fm% {Apk (14 7) — Aprgr (1 + 1)} + (1 +7%) (14 y41) (Apr + Akarl)]
L
[Am&1+7mSH5+{1+7k—ﬁhé}ZTAQ] (8.17)
p
R pr — prt1
Fopr = m—5—— (8.18)
e Cp 2ppy1
“ ~ L ~ ~ ~ ~
Skpy = Te =T + ol {q* (Th, o) — Q*(Tk+1,pk+1)} = Fy1 <Tk + Tk+1> (8.19)
p
AQ = Apy {C}kz - q*(Tk,pk)} + Appi1 {Cjk—i-l - q*(Tk+1,pk+1)} (8.20)
L 0q*
T = = (8.21)
C, oT T—1,

0000,00000 ¢, q, 00000000000000000000,00
00 ..00000000.000,0000000,k00000 k+10000
0000000000000 000,0000 300000000000000
000.000,000000000000000000,000000000

00,0000,

1
1
P = ——— AmyA
A 2 Amida,

Ag. = qn— Gk (8.22)

cumulus/cumulus.tex(cumulus/cumulus-adjust.tex.tex) 2013/09/30(000000O00O0O)
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ooos.

000,00000000000000000000% 00000000000
O (yot, 2013/09/07).

gob,ggdgbboboda,obbbooodgbbbuoobbboooobbodan
g.booggb,obb,0bugbbodgb,gbbogbbuogbbooboo
00° 00000,00000000000000000. 0000000000
gbod, k00 k+100000000O0 MH%DDDD,DDDDDDDDDD
gobboooodoobo.

C’kaAmk = Cka(Amk - Mk—f—%) + Cka_i_le_’_% - L(Aqk)CAmk (823)
Cplir1Amyyr = CkaMk+% + Cka+1(Amk+1 - Mk+%) — L(Aqri1)Anig24)
@Ay = Gr(Amy — My 1) + Gerr My 1 — (Ag)Amy, (8.25)
Q1AM = ffk:MkJr% + Q1 (Amgr — Mk+§) — (Ary1)c Ay (8.26)
000, (Ag). 0 kO0D0O0O0DODOODO ((Ag). > 0)000. DODOODO MH%,
(Ag).00O00D,

s Co(Tiop1 — Th) — L(Grs1 — cfk;)Amk (8:27)
A . Mk+l
(A = (Gerr = Ge) 5% = A (8.28)
(AQkJrl)c = —((jkﬂ - ka) M — Aggy1 (8-29)
Amyq

gobo.oog,nboo Mk+%DDDDDDDDDDDDDDDDDDDDDD,D
gbogoboooboob.

AmpAm
ML < k k+1
k+1

8.30
= Amy + Amyga (8:30)

gboboodg,bbuoodgbbuoogbbooobbboobbbooob.boo
goooooo MH%DDDDD,DDDDDD,DDDDDDDDDDDDﬁD

3000,00000000000000000000000D00000.000,000000
ooooOooooooo.

{00000000000000000000.00,0000000000.

‘0000,0000000000000D00000000O0,00000000000000
00000000,0000000000000000.

‘0000 ¢g0D00O0O0O0OO0.
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gbobobodoogno.

Uy = Uy (U — U)ot I
k= Uk+ Uk —Uy) A, (8.31)
U s (Urr — U)ot

f— _— -_ 2 . 2
ket k1 — Ukt k)Amk_H (8.32)
- _A>M’f+% (8.33)

k. = gk qk+1 — gk A .

N . . Mk+l

qk+1 = Gk+1 — (Qk+1 - q’“)Amk; (8‘34)

8.3 Relaxed Arakawa-Schubert [0 0 [0 [

Relaxed Arakawa-Schubert 0 00000 OO O, Moorthi and Suarez (1992) O O
obobooboobooboobobbob.

84 U0OOMO

Manabe, S., Smagorinsky, J., Strickler, R.F., 1965: Simulated climatology of a
general circulation model with a hydrologic cycle, Mon. Weather Rev., 93,
769-798.

Moorthi, S.; M. J. Suarez, 1992: Relaxed Arakawa-Schubert: A parameterization

of moist convection for general circulation models, Mon. Wea. Rev., 120,
978-1002.
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090 000000 (DoOOoOoo)

9.1 UQ0O0OO

000ooooboooodOoooodon, Manabe et al. (1965)DDD,DDDDD
U (DD,DDDDDDDD)DDDDDDDDI. godoogopoooooggon
gooooo,dooooooooo.
Jdo0do0dooooboobonoobogoooog.
qk
q* (T, pr)

goo,obooooooo,r.gbooboobuooboboboboo.

> Te (9.1)

gobobooooooobod,
@ = req (Th, pr)

gog.

¢0,00000000000000000,

*

* % (T a
% = ¢ (Tr,pe) = ¢ Tk, pr) + 8qT AT, (9.4)
T=T)

0000,00000000000000 1000.000,00000000000000
gobogobooboobgoob,oboooboboboob 100b0oboboo,boboobooobd
googoooano.

2013/09/30(00000000O0O) Iscond/lscond.tex
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gbobobooodgboboboad,

T, = T, + AT,

# L{Qk _ch*(Tkapk>}
— + _
g Cp,+ Lr, %LT

T=T,

ATy,
T=T}

% = Gr +Agy
* (T aq*
= Tc {q (Tkapk> +

aT

goo.

000,940 ¢ O00000000000000D0DO, 00000000000
O.00000,000b0b0ob0oboooobo,b0bo0boobo(oooboo,0on

(Ti)ig1 = (Th)i + ATy
(k)iv1 = (qu)i + Agy

gbobobooogboboboooobobooan.

00,000,0000,

1 Prp—1 — Pryl
P = — —2—2A
2At Z g Qk
k—kmaz
1
1 Prp-1 — Pryl
= o D = { (@)1 — O}
k=kmazx g
ooo?2.
9.2 OOOO

(9.9)
(9.10)

(9.11)

Manabe, S., Smagorinsky, J., Strickler, R.F., 1965: Simulated climatology of a

general circulation model with a hydrologic cycle. Mon. Weather Rev., 93,

769-798.

000,0000000000000000000000O000000.000,000000

ugboobooaboodan.

Iscond/lscond.tex 2013/09/30(000000O0O0O0O)
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104 OO0

10.1 0O0OO0OO0

gobobooooboboa,obobog,bbbuoooboboooobboan
gobbooggbbbuoooob.

(@) _ _10Fna (10.1)
ot)vp p 0z
0F .«

o  OFny,

ar . g th
(E)VD -G op oy
o OF,

) = g—2 10.
(at>VD I Ip (105)

000, Fpa, Fry, Fr, F, 000000000,0000000000000,0
00000,000(00)000000000,0000000000.

ou

Fne = —pKno—. (10.6)
ov

Fing = —pKnm— (10.7)

00

Fh = —CpPpth, (108)
dq

Fy = —pKys (10.9)
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0oo,
T

o - = 10.10

P7 ( )

P @g 7 (10.11)
p
R

- 10.12

oo (1012
p

_ 10.1

p RT. (10.13)

Frnz = 0, (10.14)
Frn, = 0, (10.15)
F, = 0, (10.16)
F, =0 (10.17)
b, 0dodod,oooooooooooooooooooooa,
Fr. = —pCylvlu, (10.18)
Foy = —pCylv|v, (10.19)
F, = —C,PpCylv| (6 —b5), (10.20)
Fy = —epCylv| (g — q7) (10.21)

O00,000000 (00000000000 0)0000 (Doooooooo
Oo00)00ooooooo,

Fr. = ——u, (10.22)
Tf
1

Frny, = ——uv, (10.23)
Tf

Fn = Fps, (10.24)

F, = F,, (10.25)

000.000,(1021)00000000000000000000 F,0000
000000000.000,pp 00000000. K, K, K,0000000
0,0,0000000000.¢0,C,C,00000000,0,0000000
00000.00,~000000000000000, F., F,,0000000
0000,00000000000.e00000000000.

Ko, Ky, K,, 00000 Mellor and Yamada (1982) D00 200000000
OO00.0000b00000b00ob0obooogoobooD bDaboooog. o,

vdiff /vdiff.tex(vdiff /vdiff-math.tex) 2013/09/30(000000000)
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Ch, Cy, O Monin-Obukhov 000000000000 O0O0OOOOOOOOOO
gb.ogoboobodgbooobobobobuoobooob 1013b,0 10140 O
goo.

10.1.1 O00OOO0OOCOOO0OO0O,O000000 1 (Mellor and Ya-

mada level 2)

Mellor and Yamada (1982) 000 2000000000,000000, K., K,
K, 000000000000,%,0000000000.

Mellor and Yamada (1974, 1982) 000 20000000000000, K, Ky,
K, 0000000,0000000000.

ov
K, = 1?|—|8,, 10.26
ov
K, = ?|=—|5 10.27
h 82’ H> ( )
K, = Kj. (10.28)

000,/00000000,

I = k(z— zs)
L+ k(z—2) /o

(10.29)

0000000.000,2 000000,,0000000Y%%k0000000
(Karman’s constant) 00 0. 00O,

S\, = B} (1— R)* S,5, (10.30)
1 1
Si, = BZ (1— Ry)? S,Su (10.31)
000. Sy, Sy O,
o — Ry
- 5 R < R critica
Sy = 1— R, (By < Bperiica) , (10.32)
SH,min (Rf > Rf,critical)
B — B Ry

—S Ry <R critica
Sy = B3 — PRy (By < Bperticat)

SM,min (Rf Z Rf,critical)

(10.33)

1(2011-8-1700) 0000000007

2013/09/30(000000000) vdiff /vdiff.tex(vdiff /vdiff-math.tex)
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0002 000,R,0000000000DDODOO (flux Richardson number)

1
R; = 25, {51 + R — \/(& + BiR:)? — 45253&} (10.34)
2
O00,R 000000000000 (bulk Richardson number)
2807,
0, 0z
o= bu0z 10.35
: 22 (103
0z
000°% Rpeiew 0000000000000D0,
71
R critical — 10.36
Ferttieal = 3 + ( )
ooo.
00,000000000,%,0,
2 2
T _ lppq_py|2?
5 = 2Bll (1 — Ry) P Su (10.37)

oooooooof.

2(2011—08—26D|])|:|D[|D|:|[| Mellor and Yamada (1974) 000000000000 OOO
goooooooobobo. oo odoooobo, oo ooooboooooon.
(2013-08-10 O O ) Mellor and Yamada (1974), p.1801, 00,0, 000000000000 O0O
gooooodooooooooooobooooooooboo. oo oooOoOooo.ooo
000000000000 Sumin=0000.

s0000,00000000000000 ¢, 000000.

4(2013-08-13 0 0 ) Mellor and Yamada level 2.5 0 000000000000, (10.26), (10.27)
gooooo,0d0 g0 oooooobooooon.

K, = lgSu, (10.39)

0oooO, (10.61), (10.62) D00D0D0D00. 00000000.

vdiff /vdiff.tex(vdiff /vdiff-math.tex) 2013/09/30(000000000)



92 decpam5 000000000000 0100 aogo
oo,
oy = 3A2’}/1, (1040)
Oy = 3A2 (’}/1 + ’Yg) s (1041)
b = AiBi(nm—Ch), (10.42)
/Bg == Al [Bl (’71 — Cl) + 6A1 + 3A2] s (1043)
Bs = ABim, (10.44)
By = Ag[Bi(m+72) —3A1], (10.45)
1 24
= - — — 10.46
Al 3 Bl ) ( )
B2 6A1
= — 4+ — 10.47
72 B, B, ( )
ooo,
(Ay, By, Ay, By, Cy) = (0.92,16.6,0.74,10.1,0.08) (10.48)

000 (Mellor and Yamada,

1982).

10.1.2 OOO0OOOOOO0O,000000 2 (Mellor and Ya-

mada level 2.

5)

Mellor and Yamada (1982) 00O 0O 25 000000000, 000000, K,

K, K, 0,0000000000000000, 2

) 9

goboodgo.bogdgn

2013/09/30(000000000)
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0000000000000O0O0O0O0OoOaOs.
d (¢ 10Frke
(L = P, + P, — 10.52
dt<2) p 0z MR A (10.52)
oF
= EE L P+ Py — erxcr (10.53)
0 (¢
F = —pK — | = 10.54
TKE P TKEaZ(2) ( )
ou\
P, = Ky |— 10.55
v (%) (10.5)
ou\? ov\?
= K — — 10.56
M{(@z) *(az)} (10.56)
g 90,
P, = —Kyg— 10.57
s = Kl (1057
e
= = 10.58
€TKE Byl ( )
0oo, P, RO, (10.71), (10.72) 0000, 000000000,
DD,%DDDDDDDDDDDDD.
2 B% 2
q 1 Uz
T _ 10.
5 5 at 2=0 (10.59)
¢
5 = 0 at 2z =00 (10.60)
gtd,w, D0ododoodoooooooaa.
000000, K, Kn, K, Krgp 00000000000
Ky = 1gSu, (10.61)
K, = 1qSu, (10.62)
K, = K (10.63)
Krkp = lgSTkE, (10.64)
Sp, p,00000DOO.
//au //@
P, = uw' o= — v, (10.49)
P = %w’@ (10.50)
q3
ETKE = A (10.51)

vdiff/vdiff.tex(vdiff /vdiff-math.tex)
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000,/00000000,(1029 0000000.000,!0 (DO0OO?) 0O
OooOoooooooooos,

0.53¢ 2 [q?
00
N2 = 1% 10.66
0, 0z ( )

00, Sy, Sy O, Galperin et al. (1988) 000000000, 00000000
oo,

A (1 — 30, — 6A1) +941(As + 24)) Gy Sir

- 10.
S 1— 94, 4,Gy ’ (10.67)
4, (1= 5
g, _ 10.68
" 1 —3A45(6A; + By)Gy (10.68)
00, Sk =020007.000,Gy 0
1?2 g 00,
_ 10.
G =—~595: (10.69)

gob,oggoboooogan,

B2+ (2)) a0

O00% 00,000 Sy, Sy 00000, (10.56), (10.56) 0 P, A, 00000
oooo.

P, = ( ) zqu( )2_215M(gg) (;) (10.71)
P, = —KH<688 ) st(ega;):—z ZSH(éqaai)( )11072)

O00,0000000000,0000 GgOOooooooooooob®.
1
Ay(12A; + By +3Bs)

—0.532 <Gy < (10.73)

00 (A, By, As, By, C;) 0 (10.48) 000000,

‘00000,000000000000000000000000 (Galperin et al., 1988).

"Mellor and Yamada (1982), p.862, 000 0.

8Sv, Sy 0 Gy OOODOO0O,Gy 00000000, Galperin et al. (1988) OO OOOO
good.ooobobbooooooo.

‘Gy 00001000 ((1065)) D0000DO0,000000 2(000)0000 G20
000000000000 (Galperin et al., 1988).
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10.1.3 OOOOO 1 (Louis et al., 1982)

Louiset al. (1982) 0000000, 000000000000 OOODO.

00000000 (R >0)000

00,000000 R,>000000,0000000000000001.
o2 1

Cy = , (10.77)
"1+ 10R; e
1
c, = m , 10.78
h M R T T R (10.78)
k
= ———. (10.79)
ZTZ0,m
log( o )
k
a = — (10.80)

z+20,n
log(20h>
DDD,ZDDDDDDDD,/{:DDDDDDD,ZOM,ZQ}LDDDDDDD,DDD

000000ooootY. 00,,00000000000 (OODOOOOOOOO)
gbobobuooogboboboood.

000,000 (Louiset al,, 1982) 000000000000 00.

1
Cp = a*——— (10.74)
1+ 20R; L
1
C, = a2 10.75
h T 3bRAIT AR, (10.75)
k

(10.76)

log(’z“o)
ooo0,b=5,d=5000.
HT,0uis et al. (1982)DD,DDDDDDDDDDDDDDDDDDDDDDDDDDDD. O
oo, 0o oooooboooo.
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000 (R;<0)000

000 R,<000000,0000000000000001%13,

10R;

Cqy = a2 [1- , (10.83)
1+ 75a2, /Zt)ﬂ\ |
15R;
Ch = QApQm 1— . (1084)

1+ 75am,ayp ,/w| R;|

10.1.4 00000 2 (Beljaars and Holtslag, 1991; Beljaars,
1994)

00000000 (2013/08/20, yot).

Beljaars and Holtslag (1991) OO0 00000, 000000000000000
O

2

Cy; = h (10.85)

g (52— (522) 1 (3)
k k
Ch - z+2z z+z 242 24z ( OZUU>
log< (:nm>_\IJM< Om)+\IfM( )10g< 0h> WH( L0h>+q/H OTh)

20,h

000,000,-00000000,k0000000, 20m, %, 0000000

200,000 (Louiset al., 1982) 00 000000000000,

2bR;
Cq = a*|1- - : (10.81)
( 1+ 3a2bc,/ZZ°|Ri|)

bR;
Cn = d? (1 - 301 ) . (10.82)

1+ 3a2bey [ #£20| R,
000,b=5,¢c=5000.

B0Q000,0000000000000000000000.
U0QoOoOoO0000 ¢, 0,000000 Beljaars (1994) 0 ¢, 00000000, 000
Beljaars (1994) 0000, 0000000000007 00000. (yot, 2013/09/08)
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OO00ooboboobooood. L O Monin-Obukhov 0O OO0,

1 [ww]|?
0, (w’@,{))

O00% ¥y, vy, 00000000.00,:00000000000 (0000
000000)00000000O0o0oooog.

(10.87)

5Beljaars and Holtslag (1991) 00 0000000000000 O,d 000000000, O
ooo,¢000000 ¢, 0000COOOOODOOOOO.ODOOOOOODOODODOO,000O
goooboooog.

5 = —u? = —-C,,U? (10.88)
Qo = —uby=—CplU|(0—0,) (10.89)
.0, ChlU|(6 — 6,)
= 1 .
2 oL (10.90)
0 — 0, u0,Cp|U|
= 10.91
U2 uECh ( 0-9 )
0.Cp U
= =7 10.92
e (10.92)
g 0 — 95
Ry = e (10.93)
1.5
1 (u'w’)
L - L 10.94
k g (w/gl) ( 0.9 )
1 CL
_ 1 m 10.
Py (10.95)
ooo,e0 ¢, 0000000,
1 C°
I = - —1Ym 10.
P (10.96)
gooooooobooo.ooo,oooo,
1.5
1 (u’w’
L = —= 10.
b ) (10.97)
Qo = —u.b, = —CplU|(6y — by.5) (10.98)
g 01} - Hv,s

goo.
goo,b0o000,we 000006 O000000D000,we, 0O00DOOO0O,000
gbooooobooooog.

0, = 01+ aq,) (10.100)
0., = Oaq +0(1+ag,)+0aq, (10.101)
w0 = wlag, +w'0(1l+ag,)+wad, (10.102)
= W0 +agqu'd + abuw'q, + aw'd'q), (10.103)

~ W + ag,w'0 4+ abw'q, (10.104)
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00, Beljaars (1994) 0O OO,
v| = {u+0?+ (Bw.)?}? (10.112)

000,00000000000000000000,000000000000.
000,8000000,w, 0000000007,

1
w, = {zBng'G;}3 (10.114)

000,z 000000000.

000, Beljaars (1994) OO,

w'dl = w + abu'q), (10.105)

gbooobO.oooobooooboboooa.
oooobooooboboobooooooon,

w0, = —Cp|U|(0 - 0s) — abeCy|U|(q — gs) (10.106)
= —CulU|(0 = 05) — abeCq|U|(q — qs) (10.107)

00D0.000,f0000 ¢00000000. 000 C,=C,00,d=60000000
oo,

w0, = —CulU|{0(1+ aeq) — 05 — Oveqs} (10.108)
ooo,6,=60000,
w8, = —CplUI{0 (1 + aeq) — 0, (1 + aeqs)} (10.109)
000,e=1000,
w0, = —CplU[{0(1+aq) 0 (1+ags)} (10.110)
= —Cp|U[(0y — Os,0,5at) (10.111)

000, 6,..00000000000000 (?)000.

00D000,w#@ 0600006, 000000000,000 (7)wé, 0000000000
oooo.

6Beljaars (1994) 000 0000000000.

1
w. = {ZBL%wfeg}s (10.113)

ooooO,00b0o00ooooooooo, T e0DO0OO.
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00000000 (R;>0) 0000 Wy, Uy

OobO,000000 R, >000000,¥9,y, Yy 0UOOOoooooO

Uy(z) = 10g{(1+x)28(1+x2)} —Qtan_lx—i-g (10.115)
Uy(z) = log {%} (10.116)
z = (1-160)4 (10.117)
¢ = % (10.118)

000 (R <0)0000 Uy, Uy

OO0 R,<O00D0000O,Vy, Yy O00OOOOOOOODO

Up(z) = —al—b (g . 5) exp (—dC) — %c (10.119)
V() = — (1 + %a() T (g - cfz) exp (—d() — %d +1 0 (10.120)

000,a,b,c,d000000,a=1,b=0.667,c=5,d=035000.

10.1.5 0OO0O0OOO0OOOOLOOOOOOOO0OO0

e 000000 ly: depam 00O (2010/02/20) 00000000 Iy =300 m
ooo.

e JOOOOO k:depom DODOODOODOO £E=04.

goboboboobbo 1900000 1990 000uoboboboooboogd
0000000000000 (00O, 1982). Businger et al (1971) 00O O
gboogobogoboog o3 uugbogg.bogob,o030004d
0000000000, Busingeretal (1971) 00, 00000000000
gbobogbobuogbbugbboobbooboooboobboabbd
gobbooboboodgd. gbob,bbobbbdooooooboobood
O000,0390000000 (Kondo and Sato, 1982).
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00000 (1999) 00, Dean (1978) 1" 00000000000 DOOOOO
0o41000,00000000.

e 1010 20

depam U0 O O00O0O0O0O0O0ODO0OO0OOOOOODOO,0000 2 =0.1m,
00000 =10"mOi00000000000000O00O00O0.

O00000000000D000000. Sheppard (1947) 00000000
Oooo0o0oO0ooO0OOO0O0OO00OO0OOCODOODO. DOoDOO,0DDOO0D00 (O
O0000000)0000 2=9x10°%m, 000000000000
000000 2=0139m000000000000 (Shpeppard, 1947 O
Table 2). Sheppard (1947) 0000000000 O Sutton (1953) ¥ 000
00 (1982) 000000000,

10.2 0OO0O0OO

depamm OO, 0000000 0O0OO0OOOODO.O0OO,OD00000000DO
goboboogoobo.

M _ gFZﬁliJré N F;rij’i*% (10.121)
2AL Pipy "Picy |
oA A gFif,f,L; ~ By (10.122)
2A1 Pies Py |

P A 8 e G e
= R e (10.123)
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